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Results: Cyclic loading for 1 and 4 hours signiﬁcantly increased
GAG release when compared to the control explants (P<0.05
and P<0.01, respectively). Neither nitric oxide nor VEGF expres-
sion could be detected in the medium from any of the loaded
or unloaded controls. A signiﬁcant increase in total protein (nor-
malised to mass) was found after 4 hours loading compared to
the equivalent control (P=0.003), an increase was also apparent
after only 1 hour of loading but did not reach signiﬁcance. After
loading, quantiﬁcation of FGF2 and FGF18, detected by western
blot analysis after normalisation to actin, suggested a similar level
of expression to the unloaded controls. At both time points, cyclic
loading induced expression of pERK compared to total ERK, when
compared to the control explants, with the 4 hour period showing
a signiﬁcant difference (P<0.001). No expression of MMP13 or
WNT16 was detected by western blotting in the loaded or the
unloaded controls.
Conclusions: This study demonstrates that in response to cyclic
loading, a signiﬁcant increased amount of GAGs are released
into the medium together with an activation of pERK. In addition,
an increase in total protein was detected in loaded explants.
This study also suggests that FGF2, FGF18, MMP13, VEGF,
FGFR3 and NO do not play an immediate role in cyclic loading.
Further investigation is needed to explore longer durations of cyclic
loading.
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INFLUENCE OF CALCIUM LEVEL ON THE EFFECT OF
TRANSFORMING GROWTH FACTOR BETA-1 IN THE
GENERATION OF INORGANIC PYROPHOSPHATE BY
ARTICULAR CHONDROCYTE
F. Cailotto, S. Sebillaud, P. Netter, J.-Y. Jouzeau, A. Bianchi
PPIA UMR 7561 Nancy Université CNRS, Vandoeuvre les Nancy,
France
Purpose: Articular chondrocalcinosis (CCA) is characterized by
the deposition of calcium pyrophosphate dihydrate crystals into
the joint. Its prevalence increases with ageing. But it is also
frequently associated with hyperparathyroidism. Patients with hy-
perparathyroidism display hypercalcaemia but the link between
high free calcium levels and CCA remains poorly studied. Two
proteins generating extracellular inorganic pyrophosphate (ePPi),
ANK which exports PPi and PC-1 which generates ePPi from
nucleotides triphosphates, are known to be up-regulated by trans-
forming growth factor-β1 (TGF-β1) in chondrocyte. In the present
work, we investigated the inﬂuence of calcium levels in the regu-
lation of ePPi generating proteins by TGF-β1.
Methods: Firstly, we studied the effect of ranging extracellular
Ca2+ (eCa2+) concentrations, (0 to 5 mM) on mRNA and pro-
tein expression of PC-1 and Ank, in chondrocytes stimulated with
10 ng/ml of TGF- β1. Secondly, we studied the effect of various
blockers of Ca2+ channels on the inducing effect of TGF-β1, in
the presence of physiological (1.25 mM) or excessive (5 mM)
concentrations of eCa2+. The following blockers were used: Ler-
canidipin, (10 μM, for L-type voltage-dependent channels) and
ω-agatoxin (1 μM, for P- and Q-type voltage-dependent chan-
nels). Thirdly, we assessed whether changes in intracellular Ca2+
(iCa2+) levels affected the response of chondrocyte to TGF-β1.
Ionomycin (1 μM) was used as an inducer of iCa2+, BAPTA-AM
(10 μM) as a chelator of iCa2+, Pertussis toxin (PTX, 200 ng/ml)
for blocking inositol-3-phosphate-sensitive Ca2+-release channels
and Thapsigargin (1 μM) for blocking sarco/endoplasmic reticu-
lum Ca2+ ATPase (SERCA). Finally, we investigated whether the
transcription factor sp1 contributed to the regulating effect of Ca2+
on TGF-β1 using sp1 inhibitor WP631 (1 μM) and RNA silencing
(siRNA, 10 nM)
Results: The stimulating effects of TGF- β1 on Ank and PC-1 ex-
pression (mRNA and protein) increased with the concentration of
eCa2+ with a maximal effect at 5 mM, therefore suggesting a cru-
cial role for calcium in the regulation of chondrocytic response to
TGF- β1. Inhibition L-type channels decreased the TGF-β1 effect
(from 45% to 60%) depending on eCa2+ level, whereas blocking
of P- and Q-type channels reduced Ank and PC-1 expression
by 50% only at excessive eCa2+ concentrations. This suggests a
major role for L-type channels in the control of TGF-β1 effect. On
the other hand, inhibition of SERCA strongly reduced (80%) the
inducing effect of TGF-β1 on Ank and PC-1 whatever the eCa2+
concentration, whereas PTX remained ineffective. These data sug-
gest a complementary role for the two main pools of Ca2+, with
intracellular levels being controlled by an IP3-independent mech-
anism. Complementary experiments showed that the effect of
TGF-β1 was increased (2-fold) by Ionomycin while being reduced
almost completely by BAPTA-AM thus conﬁrming the pivotal role
of iCa2+. Finally, when we inhibited sp1 with either WP631 or
siRNA, the inducing effect of TGF-β1 on Ank and PC-1 expression
was strongly weakened (95%) at physiological eCa2+ concentra-
tion, while being only reduced by 65% at 5 mM of eCa2+. This
suggested the essential role of sp1 in the regulating role of Ca2+
on TGF-β1 effect.
Conclusions: Our results demonstrate that both extra- and in-
tracellular calcium pools, whose effects strongly depend on sp1,
are essential for the TGF-β1-induced ePPi generation by Ank and
PC-1. Our results underline the need to consider hypercalcaemia
in the occurrence of chondrocalcinosis, especially in old patients,
which have an increased sensitivity to TGF-β1.
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NUCLEAR AND SUMOYLATED S100A4 REGULATES IL-1β
MEDIATED PRODUCTION OF MMP-13 IN HUMAN
CHONDROCYTES
R.R. Yammani
Wake Forest Univ. Sch. of Med., Winston-Salem, NC
Purpose: S100A4, a member of S100 family of proteins has been
previously shown to be upregulated in OA chondrocytes. Amino
acid sequence analysis of S100A4 showed that the molecule
contains a nuclear localization sequence. The aim of this study
was to examine the mechanism of S100A4 nuclear translocation
and its function in chondrocytes.
Methods: Human articular chondrocytes isolated from normal
ankle obtained from tissue donors were cultured in high den-
sity monolayers. Conﬂuent monolayers were changed to serum
free media 16-18hr prior to treatment with 10ng/ml of IL-1β. Af-
ter treatment cytosolic and nuclear fractions were prepared. In
some experiments, chondrocytes were transfected with mutant
constructs of S100A4 that lack SUMOylation sites or dominant
negative UBC9 plasmid construct (Ubiquitin-like protein SUMO-1
conjugating enzyme). ChIP analysis was performed to examine the
binding of S100A4 to the MMP-13 promoter region. Translocation
of S100A4 into the nucleus was determined by immunoblotting and
production of MMP-13 in the conditioned media was measured by
enzyme-linked immunosorbent assay.
Results: Treatment of human chondrocytes with IL-1β resulted
in increased production of MMP-13 and nuclear translocation of
S100A4 that required SUMOylation. Inhibition of SUMOylation of
S100A4, either by abolishing the SUMOylation sites on S100A4 or
by inhibiting the activity of UBC9 enzyme, decreased the nuclear
translocation of S100A4 (Fig. 1A) and IL-1β mediated production
of MMP-13 (Fig. 1B). ChIP analysis showed that nuclear S100A4
binds to the promoter region of MMP-13.
Conclusions: Our study demonstrates that IL-1β promotes nu-
clear translocation of S100A4 in chondrocytes, which requires
SUMOylation. Once in the nucleus, S100A4 binds to promoter
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Figure 1
region of MMP-13 and modulates its expression. Thus, our study
provides a novel pathway for IL-1β mediated production of MMP-
13 in chondrocytes. Since both S100A4 and IL-1β have been
found to be increased in OA cartilage, this novel pathway could
contribute to cartilage degradation in OA.
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THE ASSOCIATION OF CHONDROCYTE MECHANICAL
PROPERTIES AND PHENOTYPIC EXPRESSION DURING
CELLULAR EXPANSION ON MICROPATTERNED
SUBSTRATES
E.M. Darling1, P.E. Pritchett1, B.A. Evans2, R. Superﬁne3,
S. Zauscher1, F. Guilak1
1Duke Univ., Durham, NC; 2Elon Univ., Elon, NC; 3Univ. of North
Carolina, Chapel Hill, Chapel Hill, NC
Purpose: Chondrocytes undergo de-differentiation as a result of
in vitro cell expansion, exhibiting a more ﬁbroblastic phenotype
with serial passage in monolayer. The differentiation state of these
cells has been characterized using phenotypic biomarkers such
as gene and protein expression, cell surface receptors, and cell
morphology. Using micropatterned substrates to control cell shape,
we examined the hypothesis that the biomechanical properties
of chondrocytes are altered in association with de-differentiation
during passage.
Methods: Superﬁcial and middle/deep zone chondrocytes were
isolated from knee cartilage from skeletally mature pigs (N =
10). Chondrocytes were serially expanded for three passages
(P0-P3), and single-cell viscoelastic properties were measured
after each passage (n = 43-58) using atomic force microscopy
(AFM). Mechanical tests were also measured for passaged cells
cultured on restrictive micropatterned surfaces (8 μm islands)
created using self-assembled monolayers (SAMs) (n = 21-31, Fig.
1). The differentiation state of zonal chondrocytes was veriﬁed
using quantitative real-time PCR of collagen I and II.
Results: Characteristic differences between superﬁcial and mid-
dle/deep zone cells were present at P0 as evidenced by their
mechanical properties and gene expressions. After subsequent
monolayer expansion, cells progressed towards a more homoge-
neous mechanical and biochemical phenotype. Subsequent cul-
ture on micropatterned surfaces appeared to induce a recovery
of cellular mechanical characteristics towards the chondrocytic
phenotype.
Conclusions: The current ﬁndings support the hypothesis that
cellular biomechanical properties correlate with phenotype. Re-
sults suggest that chondrocyte de-differentiation is characterized
by phenotypic changes in both biochemical and biomechanical
characteristics. The effects of de-differentiation on chondrocytes
can be partially ameliorated by maintaining a spherical cell mor-
Figure 1. Zonal chondrocytes were seeded onto micropatterned SAM surfaces
after each passage, P0D1-P3D1, and cultured for one day before analysis (A-
D). SEM images of the patterned cells indicated regular spacing (E) and a
rounded morphology (F). Elastic and viscoelastic properties were measured via
AFM for superﬁcial and middle/deep zone cells on micropatterned (G) and non-
patterned, poly-L-lysine-coated (PLL) surfaces (H).
phology using a micropatterned SAM. These ﬁndings demonstrate
that patterned self-assembled monolayers can provide a novel
method for investigating the relationship between cell shape and
phenotypic expression.
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GREEN TEA POLYPHENOL EPIGALLOCATECHIN-3-
GALLATE (EGCG) INHIBITS ADVANCED GLYCATION END
PRODUCTS-INDUCED EXPRESSION OF TUMOR NECROSIS
FACTOR-α AND MATRIX METALLOPROTEINASE-13 IN
HUMAN OSTEOARTHRITIS CHONDROCYTES
Z. Rasheed, N. Akhtar, A.N. Anbazhagan, S. Ramamurthy,
F.R. Voss, T.M. Haqqi
Univ. of South Carolina, Columbia, SC
Purpose: Osteoarthritis (OA) is the most common disease in the
aging population. Etiology of OA is unknown and the mechanisms
associated with OA pathogenesis are only partly understood. Age-
related accumulation of advanced glycation end products (AGEs)
have been shown to activate human chondrocytes resulting in the
induction and production of proinﬂammatory cytokines and matrix
metalloproteinases (MMPs). Tea is the most widely consumed
beverage in the world and possesses human health beneﬁts. In
the present study we examined the effect of EGCG on AGE-BSA-
induced activation of NF-κB and production of TNF-α and MMP-13
in human OA chondrocytes.
Methods: The macroscopic cartilage degeneration was deter-
mined by staining of femoral head samples with India ink and the
cartilage with smooth articular surface (“unaffected cartilage”) was
resected and used to prepare chondrocytes by enzymatic diges-
tion. OA chondrocytes were cultured at high density in monolayer.
Expression of chondrocyte-speciﬁc genes was determined by RT-
PCR. AGE-BSA was prepared by reacting endotoxin-free BSA
with glycoaldehyde. Characterization of AGE-BSA was performed
spectrophotometrically at 340 nm and AGE-speciﬁc ﬂuorescence
was detected at excitation/emission wavelengths of 360/430 nm,
330/395 nm, 365/440 nm, 485/530 nm, 280/350 nm and band
widths set at ex40/em40. Electrophoretic migration of native and
modiﬁed BSA samples was analyzed by reducing SDS-PAGE.
Cytotoxicity of AGE-BSA and EGCG was examined by using a
Cytotoxicity Assay Kit. OA chondrocytes were pretreated for 2
h with different doses of EGCG (25-200 μM) and then stimu-
lated with AGE-BSA (600 μg/ml) or native BSA. Gene expression
of TNF-α and MMP-13 was determined by TaqMan assay. Pro-
duction of TNF-α was determined using cytokine-speciﬁc ELISA.
Western immunoblotting was used to analyze the MMP-13 produc-
tion in the culture medium and the enzyme activity was assayed
